Ini the 25 mm. embryo the mesodermal edge of the tooth band presents an undulated appearance; and on the labial side of these undulations, which are the site of the future tooth germs, the epithelium forms into so-called buds.
The Enamel Knot. At 35 mm. each bud has a central depression pointing labially and, if a section be taken through such a bud, a typical appearance is noted. A single layer of columnar cells continuous with the basal layer of the rete mucosum can be traced around the enamel organ and, at the site of the central depression, an ellipsoidal heaping of these cells is apparent. This collection of cells is known by its discoverer Ahrens as the enamel knot (Schmelzknoten).
On either side of the knot are what are usually described as the two clavate processes of the enamel organ growing partly to enclose the dentine papilla, which is already evident as a condensation of the mesoderm. It is, of course, realized that these processes are the appearance in section of one peripheral process which extends round the base of the enamel organ.
The significance of the enamel knot is doubtful.
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The Outer and Inner Enamel Bands. By the growth of the peripheral process and the accompanying growth of the mesoderm the enamel organ rapidly assumes its typical form-classically described as a bell with a handle. The bell, however, has two handles, for it has two connexions-a buccal and a lingual-with the tooth band.
Bolk named these connexions the outer and inner enamel bands.
-4 _n' T -e t ,, The Enamel Niche.
With the exception of the second deciduous molar these bands fuse posteriorly to form an irregular open pyramid known as the "enamel niche." The pyramid is thus bounded by three epithelial planes-the external epithelium of the enamel organ and the two enamel bands (figs. 1 and 2).
The niche points anteriorly in the deciduous incisors, canines and first molar, but posteriorly in the second molar. In this tooth the fusion of the inner and outer enamel bands occurs anteriorly. The Permanent Tooth Band. About the 100 mm. stage a projection on the lingual side of the enamel organs of the deciduous teeth may be observed. This represents the beginning of the formation of the permanent tooth band. The projection gradually separates from the lingual surface of the enamel organ, temporarily maintaining its connexion above. Thus the permanent tooth band has the appearance of peeling from the side of the deciduous enamel organ (figs. 2 and 2A).
It is to be noted that the formation commences from the side of the enamel organ and not from its neck or from the free edge of the inner enamel band; for at this time the inner enamel band is intimately associated with the lingual wall of the enamel organ and has no free edge ( fig. 11) .
At the same time the tooth band at the level of the second deciduous molar is growing backwards to form the permanent molars. The Fenestration of the Deciduous Tooth Band. At its mesodermal edge the deciduous tooth band is not more than half a dozen cells in diameter; and between the deciduous tooth germs it has a wide mouthed connexion with the oral epithelium. The basal layer 6f the rete -mucosum is continued as its limiting cellular layer. In the midline of the mandible the band dips down in the form of a V ( fig. 3 ).
In one embryo at this point two processe's were apparent. The deciduous tooth band, however, does not long' retain its simple structure. Simultaneously with the formation of the permanent tooth band fenestration commences and complex changes occur. The severance of the connexions between the enamel organs and the oral epithelium begins anteriorly with the incisors and progresses backwards to the second molar. The original tooth band and the outer and inner enamel bands are affected in identically the same way, the separation of the permanent tooth band taking place at the same time. The deciduous tooth band becomes folded owing to its continued proliferation; and frequent irregular buddings of its epithelium make their appearance ( fig. 4) . Many of these buds become separated from the band and lie free in the surrounding mesoderm.
Degenerative changes occur in the more internal cells, some of which become arranged in the form of a coil, with their nuclei shrunken and their protoplasm diminished ( fig. 5 ). This epithelial coil formation takes place in the buds and in the cells of the band itself. Sections of the deciduous tooth band now present a very complex appearance.
As the fenestration continues there is no longer a connexion between the enamel organ and the oral epithelium; but in the intervening space are many types of debris, epithelial buttons, epithelial coils (now showing a concentric laminated structure of completely degenerated cells) and various isolated buds. Atrophy takes place rapidly, however, and before eruption few traces of these rests can be discovered. The epithelial remnants surviving as the globes epidermiques, the glandulae tartaricee of the old anatomists, and the glands of Serres and their various pathological possibilities, are too well known to repeat here.
The Prelacteal Band. No traces of the bands, known to Adloff and others as prelacteal bands, could definitely be discovered. Probably these bands have been confused with some of the many ramifications of the tooth band during fenestration.
The Accessory Band. A band, which might be considered to be the accessory tooth band of Bolk, was seen in a 25 mm. and in a 35 mm. embryo. It occurred only in the neighbourhood of the canine teeth. It appeared rather as a bifurcation of the lip furrow than as an off-shoot of the tooth band proper. As the actlessory tooth band is a vestigial structure this inconstancy of its appearance is perhaps understood.
(II) THE ENAMEL ORGAN.
The Stellate Betictlum. The stellate reticulum, or enamel pulp, is the most delicate of all dental structures and its appearance immediately determines the deductive value of the specimen. Any post-mortem change, or any disturbance of intra-or extra-cellular relations by fixation or staining methods, is immediately apparent. The only satisfactory method of study, already emphasized by the late Mr. Howard Mummery, is from fresh tissue cut on the ether freezing microtome. Both celloidin and paraffin sections give unsatisfactory results.
In the fully formed enamel organ, immediately before the deposition of dentine, the stellate reticulum consists of a syncytium of cells which have numerous cvtoplasmic processes anastomosing in all planes with similar processes of neighbouring cells. It is a wide-mouthed anastomosis ( fig. 6 ).
The cells are separated by a homogeneous intercellular substance known to
Waldeyer as the " enamel jelly." The nuclei of the cells are large (5 to 15 microns) and usually ovoid in character-some spherical-some greatly elongated and flattened.
Occasionally the nuclei appear slightly irregular and assume the shape of the cell body. The nuclei contain numerous chromatin granules and usually multiple nucleoli. The cytoplasm is granular. Masur has described cytoplasmic threads running from the neighbourhood of one nucleus to that of another. Mitoses are rare in the stellate reticulum, but can occasionally be seen. Over the summit of the dentine papilla the stellate reticulum is bounded by the stratum intermedium; and, in its early stages, circum-ferentially, and interior to the external epithelium, it is bounded by a cellular layer continuous with, and strongly resembling, the stratum intermedium. The stellate reticulum is continued into the peripheral process of the enamel organ, between the internal and external epithelium.
Here it appears as a layer of bipolar cells.
Thus, in the early stellate reticulum, cells closely resembling those of the stratum intermedium are continuous round the whole periphery of the enamel organ.
Erythrocytes in the Stellate Reticulum. Shortly after the complete formation of the stellate reticulum, erythrocytes can be observed in the intercellular spaces. They may appear at any level, mid-way between the external and internal epithelium; in the peripheral process, or, more In the stellate reticulum of the molar of the albino rat, Jordan has described " the occurrence of occasional large mononuclear phagocytes engorged with disintegrating red blood-corpuscles." In the human subject, somewhat similar cells can occasionally be seen. They have a diameter of 10-15 microns, abundant neutrophilic granular cytoplasm and a small nucleus showing one nucleolus. But they possess no erythrocytophagic activity. While the possibility of the origin of these cells from the vascular channels must be considered, they have the appearance of arising from the stellate cells themselves. Their function is obscure.
The Formation of the Stellate Reticutlum.
The formation of the stellate reticulum commences about the 80-90 mm. stage. Previous to this, the cells in the interior of the enamel organ are continuous with, and resemble, those of the interior of the tooth band-that is, they are "prickle cells" with numerous intercellular bridges. These "spiny " cells can be plainly seen in the oral epithelium of a 25 mm. embryo and are, without doubt, the precursors of thq stellate cells. In an enamel organ, in which the stellate reticulum has just commenced to form, all the transitional stages from the true stellate cell to the " prickle cell " can be seen.
The cells of the enamel organ gradually become separated by an intercellular fluid, the pressure of which, on the cells themselves and on their cytoplasmic bridges, causes the typical stellate appearance.
It was formerly considered that the formation of the stellate reticulum commenced at the centre of the enamel organ. This is incorrect, however, as the centre is occupied by the enamel strand or septum. Bolk considers that there are two centres of formation-a labial and a lingual, separated by the enamel septum; but it is doubtful whether this hypothesis is a correct interpretation of appearances.
In its later stages the enamel strand is a column of cells running from the stratum intermedium to the external epithelium and having no connexion with the peripheral walls ( fig. 9 ). But, in its early stages, Bolk considers that it is a true septum and shows drawings to support his thesis.
If careful observations be made on serial sections and on sections cut horizontally and vertically along the line of the jaws, the formation of the stellate reticulum is seen to begin not as a centre, or centres, but as a line, extending round the mid-point of the enamel organ, equidistant from the position of the future septum and from the external epithelium.
The Enamel Strand and the Enamel Navel. The column of cells, commonly known as the enamel septum, occupying the centre of the stellate reticulum was first described by Waldeyer in 1864. In 1897 Renaut named it "le cone adamantin directeur"; but, more lately, interest in the structure has been revived by Bolk in connexion with his hypothesis on the evolution of the mammalian dentition.
The enamel septum, better known as the enamel strand, is a conical column of cells flowing from the stratum intermedium to the external epithelium, near its junction with the enamel bands. At this point there is an invagination of the external epithelium known as the "enamel navel" (fig. 8 .)
The cells of the enamel strand closely resemble those of the stratum intermedium. They can occasionally be seen clustered in the form of a coil. The strand is shortlived. It is fully developed in all deciduous teeth at 97 mm.; at 115 mm. little trace is left in the molars, and the structure is rapidly disappearing in the canines and incisors. At the same time the navel becomes flattened and leaves no trace. Ahrens states that the strand does not appear in the incisors; but, as regards the deciduous series, this statement is incorrect.
Ahrens also describes a lingual strand constant in the canines and molars.
This strand has only been noted occasionally ( fig. 10 ).
Several explanations of the significance of the enamel strand have been advanced. Ahrens considers that the strand retains the floor of the enamel organ in position during the downgrowth of its peripheral process, and that the enamel navel results from the consequent tension on the external epithelium. Adloff states that the cells of the enamel strand are concerned in the distribution of cellular material for amelogenesis. Retterer, who believes that enamel and dentine are both of ectodermic origin, recognizes in the enamel strand a direct connexion between the cells of the dentine papilla and those of the tooth band ; while Bolk considers that the enamel navel and septum represent the line of fusion of two reptilian teeth. The simplest explanation, however, appears to be that the enamel strand contains the last of the internal cells of the tooth band to become converted into the stellate reticulum ( fig. 11) . The occasional coil formation of the cells supports this hypothesis.
The lingutal strand, in a similar way, is formed from the comparatively undifferentiated bipolar cells of the peripheral process on the lingual side of the enamel organ. At about 100 mm. each tooth germ has a similar appearance. Its outline on section may be compared to a major sector of a circle, with the enamel strand extending from the centre of the circle, at the junction of the lingual and labial radii, to the circumference. In the incisors and canines the internal epithelium on the lingual side bends at an obtuse angle to form the cingulum; but, in the molars, this angle becomes accentuated into a right angle to form the lingual cusps, while at the angle, at the centre of the circle, the buccal cusps are formed. Thus in the molars the true enamel strand moves relatively to the buccal side and is seen in this position in its later development. . Above, and on the lingual side of the angle, at which the lingual cusps are to be calcified, the stellate reticulum is formed comparatively rapidly. The lingual strand represents the last connexion between the external and internal epithelium-formerly the comparatively undifferentiated bipolar cells which extended along the lingual side of the enamel organ and into its peripheral process. The Intercellular Flitid. There appear to be four possible hypotheses to account for the origin of the intercellular substance in the stellate reticulum.
(1) That the process is a degenerationt.-This view was put forward by Eve, who considered that the enamel organ commenced a central colloid degeneration with the consequent formation of the stellate reticulum. The hypothesis is interesting in view of the work of Klotz and Wells on calcium metabolism. These writers show that calcium salts tend to be deposited in dead and degenerated tissues which exercise an affinity for them. The stellate reticulum, however, shows little signs of degeneration. The nuclei of its cells are not shrunken, but enlarged, and occasionally show mitotic changes. In addition, there is an abundant source of nourishment from the dense plexus of vessels running in the external epithelium.
(2) That the intercellular fluid is derived from the blood-vessels in the external epithelitum, and: (a) is transferred to the stellate reticulum by the external epithelium functioning as a semi-permeable membrane; (b) can be seen frequently just internal to the -external epithelium ( fig. 1, p. 14) . But the site of commencement of intercellular distension is separated from this zone by a layer of at least three or four closely packed and undifferentiated cells. (This zone is too constant in appearance to be an artefact, but its interpretation is difficult).
The method of elimination, therefore, points to the origin of the intercellular fluid from the future stellate cells themselves; and their enlarged nuclei and granular cytoplasm may possibly be considered to be appearances of secretory phlenomena.
The intercellular distending fluid is usually considered to be mucoid in composition, probably owing to the very slight resemblance between the stellate reticulum and the mucous connective tissue of the umbilical cord. Lams states that it is albuminous.
The Vascularity of the Enamel Organ. The vascularity of the enamel organ has long been a debated question. Vascular enamel organs have been described in the ornithorhynchus, in the calf, in the albino rat, and in several marsupials (v. Addison This vascularity only occurs in the deciduous molar in the later stages of development. Up to the time immediately previous to calcification, the external epithelium appears as a regular cellular layer and no penetration whatever takes place. But shortly after the commencement of calcification, proliferation and budding of the external epithelium commence, and the capillaries appear more and more to penetrate to the stellate reticulum. Indeed, at about four months, in many places in the deciduous canine teeth, only a single endothelial layer separates the blood from the stellate reticulum ( fig. 12 ). Extravascular red blood-cells are therefore to be expected in the stellate reticulum. At this age the irregularity of the external epithelium only occurs at the summit of the tooth germ, the external epithelium in the neighbourhood of the peripheral process being the typical unicellular layer usually described.
Kingery has made observations from this stage (160 mm.) to birth. He describes the differentiation of the external epithelium into a papillary layer in order to increase the absorptive surface of the enamel organ, which surface, he considers, has the function of absorbing amelogenetic substances from the bloodvessels. The capillary penetration is particularly noticeable between the molar cusps.
In the rat Jordan has described, in the molar enamel organ, intrinsic capillaries continuous with those in the plexus in the external epithelium. No such condition was observable in the human embryos studied.
The significance of the extravascular erythrocytes in the stellate reticulum is doubtful. They apparently increase slightly in number at the beginning of calcification, but this number is so small that it is very unlikely that they have any connexion with calcification. The possibility of their being carried over by the knife cannot be ignored; but probably they have escaped by diapedesis from the vessels, in the same way as the erythrocytes, which can be seen in the surrounding mesodermal tissues.
The Functions of the Stellate Reticulum. The stellate reticulum undoubtedly serves as a medium for calcific transference to the ameloblasts. But this it only does in the early stages of calcification. Almost as soon as calcification has commenced, the follicle comes into close approximation with the cusps, and the stellate reticulum only exists at the sides of the enamel organ and in the valley between the cusps. Thus, the stellate reticulum is not required during the later stages of calcification. The fact that the capsule is so closely applied to the cusps soon after the beginning of calcification, disposes of the hypothesis of Paul, that "the stellate cells . . . . merely fill a space which may be readily occupied by the growing enamel." Probably, as Bolk suggests, " the function or functions of the capillary network and of the stellate reticulum may be alpproximately identical and interchangeable." (Quoted from Addison and Appleton.)
The actual mode of transference of the calcific material may be by way of the intercellular substance, or by way of the wide anastomosing cytoplasmic processes of the cells themselves. Or probably both methods are involved.
It is not possible, at present, from the amount of work described in this paper to draw hard and fast conclusions. But the necessity for the confirmation of many of the accepted theories of dental embryology must be apparent. 
